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LIST OF ACRONYMS AND ABBREVIATIONS 

BS biosparging 
BSMP biosparging monitoring point 
BTEX  benzene, toluene, ethylbenzene, and total xylenes 
BV bioventing 
CO2 carbon dioxide 
cm/s centimeters per second 
DO dissolved oxygen  
EPA U.S. Environmental Protection Agency 
Fe(II) ferrous iron 
Fe(III) ferric iron 
gpm gallons per minute 
HDPE high density polyethylene 
LCS/LCSD laboratory control standards/laboratory control standards duplicate 
LEL lower explosive level 
LUFT leaking underground fuel tank 
MCB  Marine Corps Base 
MCL maximum contaminant level 
mg/L milligrams per liter 
MS/MSD matrix spike/matrix spike duplicate 
MTBE methyl tert-butyl ether 
MW monitoring well 
NFESC Naval Facilities Engineering Service Center 
O&M operation and maintenance 
O2 oxygen 
ORP oxygen reduction potential 
QA quality assurance 
QC quality control 
RPD relative percent differences 
RWQCB Regional Water Quality Control Board 
SAM Site Assessment and Mitigation 
SVOC semi-volatile organic compounds  
SWDIV Southwest Division Naval Facilities Engineering Command 
TBA tertiary butyl alcohol  
TPH-D total petroleum hydrocarbons as diesel 
TPH-M total petroleum hydrocarbons as motor oil  
TVH total volatile hydrocarbons 
UST underground storage tank 
µg/L micrograms per liter  
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1.2 SITE BACKGROUND 
MCB Camp Pendleton is located on the coast of northern San Diego County, California, 

and covers approximately 125,000 acres (Figure 1-1).  Site 22187 is located in Area 22, in 
the southeast portion of MCB Camp Pendleton (Figure 1-2).  The Santa Margarita River is 
located several thousand feet to the west of the site.  Building 22187 is an active boiler plant.  
Two former fuel steel USTs (7,000-gallons and 30,000-gallons, respectively) removed in 
1992 were located approximately 20 feet from the northwest corner of the boiler plant.  
Figure 1-3 presents a detailed site layout. 

1.3 PREVIOUS INVESTIGATIONS 
In 1986, the two Site 22187 USTs failed an integrity test conducted by AAA Testing (IT 

Corp., 1993).  More recent investigations identified petroleum hydrocarbons in both the soil 
and groundwater at the site. BTEX compounds also were detected in the groundwater. 
Benzene was found in the groundwater at concentrations greater than the State of 
California’s maximum contaminant level (MCL) for drinking water of 1 microgram per liter 
(µg/L).  Although free product initially was not observed at the site, it was present in 
MW22187-10 during the Fourth Quarter 1997 monitoring event.  Results of previous 
groundwater monitoring are presented in Appendix A. 

1.4 GEOLOGY AND HYDROGEOLOGY 
Quaternary alluvial deposits of the Santa Margarita River underlie the site.  The loose- to 

medium-dense silty sands and discontinuous clay layers in the subsurface are interpreted to 
be floodplain deposits and locally artificial fill.  A laterally significant 1-foot to 5-foot-thick 
clay zone that is laterally continuous beneath the site thickens and deepens to the east and 
pinches out to the west and north.  Figure 1-4 presents a geologic cross-section that also 
illustrates the historical minimum and maximum groundwater levels and approximate extent 
of soil contamination in October 1997 and November 2000.  The cross-section location is 
shown on Figure 1-3. 

Site 22187 lies within the Chappo subunit of the Ysidora Hydrologic Area of the 
Santa Margarita Hydrologic Unit.  Groundwater at the site is interpreted to flow toward the 
southwest, toward the adjacent and low-lying marshy area.  Groundwater generally occurs 
beneath the laterally continuous clay zone.  Falling head slug tests conducted in two of the 
monitoring wells (MWs) indicated that the hydraulic conductivity at the site ranges from 3.3 
x 10-3 centimeters per second (cm/s) to 1.8 x 10-4 cm/s (IT Corp., 1993).  This would be 
consistent with the relatively fast recovery of the wells observed during groundwater 
sampling.  The groundwater gradient at the site typically has been calculated between 0.002 
and 0.006 south to west.  

1.5 CLEANUP GOALS 
The groundwater cleanup goals are identified in Table 3-2 and correspond to drinking 

water MCLs for BTEX compounds and MTBE and secondary MCL’s for TPH-D.  Cleanup 
goals were developed for soils based on a dual standard of leachable concentrations and soil 
concentrations.  Cleanup goals were detailed in the Final Remediation Work Plan for 
Underground Storage Tank Site 22187 (Parsons, 2000a) and modified for MTBE in 
groundwater according to the response to RWQCB comments (Parsons, 2000b).   
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1.6 BIOSPARGING/BIOVENTING SYSTEM 
A BS/BV system was installed at Site 22187 in accordance with the Remediation Work 

Plan (Parsons, 2000a), as approved by the RWQCB in a meeting on July 20, 2000.  Eleven 
BS wells (BSW22187-1 through BSW22187-11) and two nested BS monitoring points 
(BSMPs) (BSMP22187-1 and BSMP22187-2) were installed.  In addition, one BV well 
(BVW22187-1) was located adjacent to BSW22187-2.  A letter report containing installation 
and startup results was submitted to the RWQCB on August 8, 2001 (Parsons, 2001a).  The 
report identified that the BV blower was not needed, and recommended that only the BS 
blower be operated.  The RWQCB responded with comments on April 30, 2002 (California 
RWQCB, 2002).  A response dated June 3, 2002, was submitted to the RWQCB. 
 During a meeting with the RWQCB on February 10, 2005, it was agreed to continue BS 
system operation until a further reduction in oxygen utilization is observed.  At that time, the 
BS system will be shutdown for one year to see if TPH concentrations stabilize (see 
Appendix D).   









VERTICAL SCALE (feet)

0 55

HORIZONTAL SCALE (feet)

0 2020 10Sandy Silt/Silty Sand

Clay

Geologic Contact (Dashed Where Inferred)

LEGEND

65

60

55

50

70

75

45

Current Groundwater Level (4/2002)

Historic Maximum/Minimum
Groundwater Level (Date Measured)

Approximate Extent of Soil Contamination
TPH in mg/kg (JUL 1997, NOV 2000)

TPH-D in soil, mg/kg (NOV 2000)2200

M
W

2
2
1
8
7
-7

B
e
n
d

in
S

e
c
ti
o
n

M
W

2
2
1
8
7
-3

(A
b
a
n
d
o
n
e
d
)

M
W

2
2
1
8
7
-6

M
W

2
2
1
8
7
-5

M
W

2
2
1
8
7
-1

0
(A

b
a
n
d
o
n
e
d
)

M
W

2
2
1
8
7
-9

B
S

W
2
2
1
8
7
-6

B
S

W
2
2
1
8
7
-7

B
S

W
2
2
1
8
7
-1

B
S

W
2
2
1
8
7
-2

/
B

V
W

2
2
1
8
7
-1

B
S

M
P

2
2
1
8
7
-1

B
S

W
2
2
1
8
7
-3

B
S

W
2
2
1
8
7
-4

B
S

W
2
2
1
8
7
-5

FILL

Former
Tank

Locations

4/98

10,000

1,000

10,000

1,000

10,000

100

100

13000

12J
10/97

24

1100

5J

160

1600

11000

2200

Parsons

Pasadena, CA

Figure 1-4

Geologic Cross Section A-A’

and Estimated Extent of

Soil Contamination

MCB Camp Pendleton, CA

K:\DEPTS\DEPT48\733868\GW_RPTS\2002\2ndQuarter\Figures\xsec22187.cdr

A
Southwest

A’
North-Northeast

E
L
E

V
A

T
IO

N
IN

F
E

E
T

A
B

O
V

E
M

S
L

LOOKING WEST

Site 22187



 

 2-1 
  Site 22187 
22187 rpt.doc  Groundwater and Biosparging Monitoring Report 
07/19/05 April 2005  

SECTION 2  

FIELD ACTIVITIES AND PROCEDURES 

This section describes the field activities conducted during this monitoring event and the 
procedures used to conduct these activities.  The activities described include (1) 
measurement of groundwater levels, (2) collection of groundwater samples for chemical 
analyses, (3) collecting quality assurance/quality control groundwater samples, (4) BS system 
operation and maintenance (O&M), and (5) measurement of soil gas concentrations for 
monitoring the BS performance within the vadose zone.  Also included is a discussion on the 
management of investigation-derived waste. 

2.1 GROUNDWATER LEVEL MEASUREMENTS  
On April 14, 2005, prior to the collection of groundwater samples, groundwater levels 

were measured in seven MWs (MW22187-4 through MW22187-10A) at the site.  The static 
depth to groundwater from the top of each well casing was measured to the nearest 0.01 foot 
using an electric water level probe.  The depth to groundwater was converted to groundwater 
elevation using the surveyed top-of-casing elevation for each well. 

2.2 GROUNDWATER PURGING AND SAMPLING 
Five of the seven MWs (MW22187-5 through MW22187-8 and MW22187-10A) were 

purged and sampled on April 14, 2005.  Background well MW22187-9 and downgradient 
MW22187-4 were not sampled this event, in accordance with the groundwater monitoring 
schedule contained in the Remediation Work Plan (Parsons, 2000a). 

Prior to the collection of a groundwater sample, each well was purged using a Grundfos® 
Redi-Flo II® pump with high density polyethylene (HDPE)-type tubing, set at a flow rate of 
approximately 2 gallons per minute (gpm).  For purging, the volume of water contained 
within the well casing at the time of purging was calculated, and at least three times the 
calculated volume was removed from the well.  Water quality parameters (pH, temperature, 
specific conductivity, and turbidity) were measured at regular intervals using a direct-reading 
meter.  Dissolved oxygen (DO) concentrations and the oxygen reduction potential (ORP) 
were measured using a YSI Model 6820 instrument with a flow-through cell.  The well was 
considered sufficiently purged when consecutive measurements of pH, temperature, and 
specific conductivity varied by less than 10 percent, and a minimum of three well casing 
volumes were removed.  If the MW was evacuated to a dry state during purging, the MW 
was allowed to recharge, and the sample was collected as soon as sufficient water was 
present in the MW to obtain the necessary sample quantity.  

Samples to be analyzed for volatile compounds were collected by lowering a new 
disposable polyethylene bailer into each well and carefully pouring the water down the inner 
walls of the sample bottle to minimize aeration of the sample. 

The groundwater samples were analyzed for the following specific compounds: 
• TPH-D using U.S. Environmental Protection Agency (EPA) Method 8015 Modified;  
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• SVOC using EPA Method 8270C; and 
• Geochemical parameters including sulfate and nitrate using EPA Method 300.0; 

ferrous iron (Fe[II]) using EPA Method 3500DFE; alkalinity using EPA Method 
310.1; and methane using RSK175. 

Types of containers and volumes collected are noted on the groundwater sampling data 
sheets (Appendix B). 

2.3 QUALITY ASSURANCE AND QUALITY CONTROL 
Groundwater samples were collected and preserved in accordance with both EPA and 

California Leaking Underground Fuel Tank (LUFT) protocols.  The samples were delivered 
under a chain-of-custody in a cooler with ice to a state-certified laboratory. 

Three types of quality-control (QC) samples were used to assess the adequacy of 
sampling, decontamination, and transportation procedures.  Multiple sites are sampled during 
a given monitoring event; therefore, QC samples are collected appropriate to the defined 
need of the monitoring event, but not necessarily collected at every designated site. 

• A trip blank sample was transported with each cooler and analyzed by Method 
8260B.  The trip blanks were used to determine whether cross-contamination of 
volatile organic compounds occurred during transportation to the laboratory. 

• An equipment blank sample was collected during the monitoring event by running 
distilled water into and over the decontaminated pump.  This sample was analyzed by 
Methods 8015M and 8260B to verify that the sampling equipment was free of organic 
contaminants. 

• Field duplicate samples were collected at the rate of one for every ten primary 
samples and sent to the laboratory “blind.” 

2.4 BIOSPARGING SYSTEM OPERATION AND MAINTENANCE 
As recommended in the letter report on the BS/BV system installation and startup results 

(Parsons, 2001a), only the BS was operated.  BS O&M was performed in accordance with 
the O&M Manual (Parsons, 2001b).  System operation inspections were performed at least 
monthly and summarized in the monthly remediation system reports.  In February 2002, the 
operation began on a cycled on/off schedule in order to reduce electrical consumption while 
maintaining elevated oxygen concentrations.  Cycling between wells commenced in June 
2002 to optimize oxygenation of groundwater.  Based on the monitoring results, BSW22187-
1 through BSW22187-5 and BSW22187-9 only have been cycled since August 2002 to focus 
on the former source area that is actively utilizing the oxygen.  

System tarp and filters were replaced during March 2005.  Otherwise, no maintenance of 
the system has been required.   

Explosion hazard monitoring for vapors in underground utility areas was conducted on 
March 31, 2005.  Underground utility areas at the site were monitored using a lower 
explosive level (LEL) meter to confirm no vapor migration.  
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2.5 SOIL GAS SAMPLING 
Soil gas sampling from selected MWs began in March 2001 prior to startup of the BS, and 

has been performed periodically as needed to evaluate the effect of BS on the vadose zone.  
The most recent soil gas monitoring occurred in April 2004.  Soil gas samples are collected 
in a Tedlar bag using a vacuum pump.  Soil gas concentrations of oxygen (O2) and carbon 
dioxide (CO2) are measured using either a Gastech GT408 meter or a Landfill Gas Analyzer 
GA-90, which is able to measure CO2 concentrations above 5%. Total volatile hydrocarbons 
(TVH) are periodically measured using a MiniRae PID. 

2.6 WASTE MANAGEMENT 
During monitoring activities, groundwater was purged into a truck-mounted polyethylene 

tank and then transported to Crosby and Overton for treatment and disposal under a 
nonhazardous-waste manifest.  A copy of the manifest is presented in Appendix B. 
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SECTION 3  

RESULTS 

This section presents the results of field activities conducted at the site, including 
groundwater level measurements and laboratory analyses of groundwater samples collected 
during this monitoring event.  All work was conducted in accordance with the Site 22187 
Remediation Work Plan (Parsons, 2000a), the sampling plan updated in the installation and 
startup letter report (Parsons, 2001a), and the O&M Manual (Parsons, 2001b). 

3.1 GROUNDWATER ELEVATIONS 
Due to heavy winter rains, groundwater elevations increased in all of the wells on site in 

comparison to the previous monitoring event.  The average increase was 2.31 feet, with a 
maximum increase of 2.49 feet in well MW22187-9.  Table 3-1 presents a summary of 
groundwater elevations measured since July 1998.  Groundwater level fluctuations at the site 
generally reflect seasonal changes, showing an increase during the wet months of winter and 
spring and a decrease during the dry months of summer and fall.  Figure 3-1 shows a 
hydrograph of the groundwater elevation data collected to date. Historical groundwater 
elevations are provided in Appendix A. 

The hydraulic gradient calculated for this site was 0.004 west.  This is consistent with 
previous events.  The hydraulic gradient and flow direction are illustrated on Figure 3-2. 

3.2 ANALYTICAL RESULTS 
A summary of petroleum hydrocarbon concentrations detected in site groundwater since 

July 1998 is presented in Tables 3-2.  Historical data are provided in Appendix A. 

3.2.1 Data Quality Assessment 
Five primary samples were collected during this monitoring event.  All samples were 

analyzed for diesel (modified method 8015) and one sample (MW22187-5) was analyzed for 
SVOCs (method 8270C). Diesel was detected in the equipment blank EB-01-0405 (0.014 
milligrams per liter [mg/L]) and non-detect in the method blank; however, the presence and 
concentration of this compound in the associated blank does not impact site data.  Diesel 
Surrogate recoveries were acceptable for all site and associated QC samples.  Diesel 
laboratory control standards/laboratory control standards duplicate (LCS/LCSD) results 
demonstrate acceptable method precision and accuracy.  Diesel matrix spike/matrix spike 
duplicate (MS/MSD) results were low; however, primary sample concentration exceeds for 
times the spike concentration and data qualification is not required.  SVOC target compounds 
were not detected in the method blank.  SVOC surrogate recoveries were acceptable for all 
site and associated QC samples.  SVOC LCS/LCSD results demonstrate acceptable method 
precision and accuracy.  Collected samples were properly preserved and shipped in two 
coolers to the laboratory which were received at temperatures of 3.8oC and 4.1 oC.  Based on 
the review of the laboratory reports and quality assurance (QA)/QC analyses, the data was 
deemed acceptable and usable as reported.  Laboratory reports are provided in Appendix C. 
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3.2.2 Groundwater Contaminants 
TPH-D was detected at or above the cleanup goal of 0.1 mg/L in all five of the MWs 

sampled this event.  These TPH-D concentrations are generally within the range of historical 
concentrations, except at MW22187-8 where there was an increase from 0.79 mg/L in 
October 2004 to 6.5 mg/L this event.  BS operation has focused on this portion of the site, 
and may be contributing to the release of residual contamination from the saturated zone 
from this portion of the site.  TPH-D concentrations are likely to decrease as biodegradation 
processes proceed.  Figure 3-3 shows the concentration trends of TPH-D versus groundwater 
elevation in selected site wells over time.   

A sample from one well (MW22187-5) was analyzed for the presence of SVOCs and none 
were detected.  

Figure 3-5 shows the locations and results of samples collected and analyzed during this 
monitoring event.  Historical plume extents are shown on Figure A-1 in Appendix A. 

3.2.3 Geochemical Indicators 

Biodegradation causes measurable changes in groundwater chemistry.  Specifically, 
concentrations of petroleum hydrocarbons, DO, nitrate, Fe(II), sulfate, and methane in 
groundwater change both temporally and spatially as biodegradation proceeds.  Petroleum 
hydrocarbons readily serve as electron donors in both aerobic and anaerobic biodegradation 
processes.  Electron acceptors include (in order of decreasing preference) DO, nitrate, ferric 
iron (Fe[III]), sulfate, and CO2.  Electron acceptors and donors are depleted during 
biodegradation processes.  Byproducts of biodegradation include CO2, water, nitrogen gas, 
Fe(II), hydrogen sulfide, and methane.  Alkalinity also increases as CO2 is produced. 

One purpose of BS is to inject oxygen to increase groundwater DO concentrations and 
hence facilitate removal of petroleum hydrocarbons through aerobic biodegradation 
processes, which tend to proceed more quickly than anaerobic processes.  DO is utilized for 
aerobic degradation of dissolved-phase petroleum hydrocarbons, and is most effective when 
DO concentration are maintained above 2 milligram per liter (mg/L) (USEPA, 2004).  DO 
data collected since startup of the BS/BV system is listed in Table 3-3.  During this reporting 
period, the BS system was operating approximately four months.  During operation, DO 
concentrations generally remained below 2 mg/L in the four wells monitored.  After 2 weeks 
following system shutoff, during respiration monitoring, two wells and two BSMPs indicated 
DO concentrations above 2 mg/L, ranging from 2.44 mg/L (at BSMP-2-18.5) to 4.49 mg/L 
(at MW22187-5).  The inability of the BS system to maintain elevated DO during operation 
indicates that the BS system has limited effectiveness in oxygenating groundwater at the site. 

Additional geochemical data collected during the April 2005 groundwater monitoring 
event are summarized in Table 3-4.  This data was collected to evaluate the progress of 
anaerobic biodegradation processes.  The following geochemical evaluation is primarily 
based on the most recently collected data (April 2005) as representative of current conditions. 

During groundwater purging, field measurements of DO ranged between 0.42 mg/L and 
3.46 mg/L, with the lowest concentrations detected in the samples collected from MW22187-
6, MW22187-7, and MW22187-10A.  The highest DO concentration was observed in the 
downgradient well (MW22187–8).  Those portions of the plume with the lowest DO 
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concentrations are most likely representative of the portions of the plume experiencing 
anaerobic biodegradation processes. 

ORP, is a measure of the relative tendency of a solution to accept or transfer electrons.  
The ORP of a groundwater system depends on (and may in turn control) which electron 
acceptors are being reduced by microorganisms during BTEX oxidation.  Low ORP 
measured in the areas of contamination provide a general indication that biodegradation is 
occurring.  ORP measured in the field during groundwater purging ranged from 154.9 
millivolts (mV) to -80.1 mV, with the lowest values measured in MW22187-5 and 
MW22187-6, the wells in the middle of the plume.  

Nitrate concentrations ranged from 1.6 mg/L to 9.3 mg/L.  The depletion of nitrate 
throughout most of the site suggests that nitrate has been used as an electron donor and that 
denitrification has occurred. 

Sulfate concentrations at the site ranged from 240 mg/L to 630 mg/L.  The lowest sulfate 
concentrations were detected in the samples collected from wells MW22187-6 and 
MW22187-7, whereas the highest sulfate concentration was detected in the sample collected 
from well MW22187-8.  This relationship may indicate in which portions of the plume that 
anaerobic biodegradation of petroleum hydrocarbons is proceeding through the microbially 
mediated process of sulfate reduction. 

When Fe(III) is used as an electron acceptor during anaerobic biodegradation of organic 
carbon, it is reduced to Fe(II), which is soluble in water.  Higher Fe(II) concentrations inside 
the contaminant plume versus background Fe(II) concentrations can be used as an indicator 
that anaerobic degradation of organic carbon has occurred or is occurring via Fe(III) 
reduction.  Fe(II) concentrations ranged from non-detect (<0.05 mg/L) to 0.2 mg/L.  The 
concentrations measured during this monitoring event are uniformly low and do not suggest 
that iron reduction is occurring.  

Methane can be a strong indicator of biodegradation. The preferred biodegradation 
pathways discussed above produce acetate as an intermediate product and CO2 as a final 
product of TPH-D and BTEX degradation.  When oxygen and other electron acceptor levels 
are depleted, methanogenic bacteria begin to convert CO2 to methane.  Because methane is 
not present in fuel, the presence of methane above background concentrations in fuel-
contaminated groundwater is indicative of microbial degradation of fuel hydrocarbons.  
Thus, an elevated methane concentration is an excellent indicator of microbial degradation.  
At Site 22187, detected methane concentrations ranged from non-detect (<3 µg/L) to 29 
µg/L.  These results are substantially lower then past results in 1997 through 1999.  Methane 
was not elevated within the plume, indicating that methanogenesis is not occurring. 

In summary, the geochemical data collected during this monitoring event present only 
weak evidence of anaerobic biodegradation in portions of the plume.  These portions of the 
plume are somewhat depleted in concentrations of electron acceptors including DO, nitrate, 
and sulfate and indicate a slightly reducing redox potential, but concentrations of metabolic 
byproducts such as Fe(II) and methane are not elevated.  It is likely that the active BS 
operation is currently counteracting the widespread formation of anaerobic biodegradation 
conditions.    



 

 3-4 
  Site 22187 
22187 rpt.doc  Groundwater and Biosparging Monitoring Report 
07/19/05 April 2005  

3.3 EXPLOSION HAZARD MONITORING 
The well boxes, sewer manholes, and storm drain at the site were monitored for potential 

explosion hazards.  On March 31, 2005, a LEL meter was used at the sewer manholes and the 
measurements were 0.0%.  Therefore, there is no explosion hazard present at the site. 

3.4 SOIL GAS DATA 
Soil gas monitoring data collected from the vadose zone of the BSMPs is summarized in 

Table 3-5.  Historically, the O2 concentrations became elevated (near saturated oxygen 
conditions) in the monitoring locations during system operation and during respiration testing 
(once the BS is turned off and during the off cycle mode), oxygen levels decreased.  Carbon 
dioxide concentrations generally decreased while atmospheric air was being introduced to the 
subsurface, and increased during respiration testing after the blower was cycled off. 

Oxygen utilization rates are determined from oxygen data obtained during in situ 
respiration testing.  The rates are calculated as the zero order relationship between percent 
oxygen and time.  Typically, a rapid linear decrease in oxygen is observed, followed by a lag 
period once oxygen concentrations drop below approximately 5% (Leeson and Hinchee, 
1997).   

Figure 3-6 illustrates oxygen utilization versus time, as measured in BSMP-1-6.5 during 
respiration test periods in 2001 through 2005.  Respiration rates have generally continued to 
decrease during this time period.  Through 2003, the oxygen utilization rates at Site 22187 
remained at or above 2%/day in BSMP-1-6.5, located nearest the former UST location.  
During 2004, the oxygen utilization rate has decreased to between 0.8%/day and 1.2%/day.  
In March through mid-April, 2005, the oxygen utilization rate further decreased to 0.6%/day.  
These measurements indicate that residual contamination has been reduced and that the BS 
system may be nearing the end of its ability to remove residual vadose zone contamination 
near the former source area. 



Table 3-1
 Summary of Groundwater Elevation Data at Site 22187

MCB Camp Pendleton, California

Well Date
Well Head 
Elevation

Depth to 
Water

Depth to 
Product

Product 
Thickness GW Elevation

(feet above MSL) (feet) (feet) (feet) (feet above MSL)
MW-4 7/22/1998 63.50 5.49 ND 0 58.01
MW-4 10/21/1998 6.62 ND 0 56.88
MW-4 1/25/1999 5.25 ND 0 58.25
MW-4 5/10/1999 4.98 ND 0 58.52
MW-4 7/19/1999 5.68 ND 0 57.82
MW-4 10/5/1999 6.78 ND 0 56.72
MW-4 1/25/2000 7.88 ND 0 55.62
MW-4 4/3/2000 6.57 ND 0 56.93
MW-4 7/23/2000 6.62 ND 0 56.88
MW-4 10/16/2000 7.71 ND 0 55.79
MW-4 2/7/2001 6.46 ND 0 57.04
MW-4 4/27/2001 4.80 ND 0 58.70
MW-4 10/11/2001 6.47 ND 0 57.03
MW-4 4/26/2002 5.59 ND 0 57.91
MW-4 10/15/2002 7.57 ND 0 55.93
MW-4 4/17/2003 3.95 ND 0 59.55
MW-4 10/16/2003 5.67 ND 0 57.83
MW-4 10/25/2004 5.67 ND 0 57.83
MW-4 4/14/2005 3.60 ND 0 59.90
MW-5 7/21/1998 70.15 11.91 ND 0 58.24
MW-5 10/21/1998 13.11 ND 0 57.04
MW-5 1/25/1999 12.12 ND 0 58.03
MW-5 5/10/1999 11.49 ND 0 58.66
MW-5 7/19/1999 12.13 ND 0 58.02
MW-5 10/5/1999 13.21 ND 0 56.94
MW-5 1/25/2000 14.38 ND 0 55.77
MW-5 4/3/2000 13.12 ND 0 57.03
MW-5 7/23/2000 13.18 ND 0 56.97
MW-5 10/16/2000 14.21 ND 0 55.94
MW-5 2/7/2001 13.12 ND 0 57.03
MW-5 4/27/2001 11.30 ND 0 58.85
MW-5 10/11/2001 13.01 ND 0 57.14
MW-5 4/26/2002 12.10 ND 0 58.05
MW-5 10/15/2002 14.02 ND 0 56.13
MW-5 4/17/2003 10.46 ND 0 59.69
MW-5 10/16/2003 12.24 ND 0 57.91
MW-5 4/1/2004 10.99 ND 0 59.16
MW-5 10/25/2004 12.27 ND 0 57.88
MW-5 4/14/2005 9.84 ND 0 60.31
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Table 3-1
 Summary of Groundwater Elevation Data at Site 22187

MCB Camp Pendleton, California

Well Date
Well Head 
Elevation

Depth to 
Water

Depth to 
Product

Product 
Thickness GW Elevation

(feet above MSL) (feet) (feet) (feet) (feet above MSL)
MW-6 7/21/1998 70.45 11.91 ND 0 58.54
MW-6 10/21/1998 13.45 ND 0 57.00
MW-6 1/25/1999 12.00 ND 0 58.45
MW-6 5/10/1999 11.86 ND 0 58.59
MW-6 7/19/1999 12.49 ND 0 57.96
MW-6 10/5/1999 13.58 ND 0 56.87
MW-6 1/25/2000 14.71 ND 0 55.74
MW-6 4/3/2000 13.42 ND 0 57.03
MW-6 7/23/2000 13.50 ND 0 56.95
MW-6 10/16/2000 14.57 ND 0 55.88
MW-6 2/7/2001 13.43 ND 0 57.02
MW-6 4/27/2001 11.60 ND 0 58.85
MW-6 10/11/2001 13.35 ND 0 57.10
MW-6 4/26/2002 12.46 ND 0 57.99
MW-6 10/15/2002 14.37 ND 0 56.08
MW-6 4/17/2003 10.82 ND 0 59.63
MW-6 10/16/2003 12.60 ND 0 57.85
MW-6 4/1/2004 11.30 ND 0 59.15
MW-6 10/25/2004 12.62 ND 0 57.83
MW-6 4/14/2005 10.27 ND 0 60.18
MW-7 7/22/1998 70.11 12.02 ND 0 58.09
MW-7 10/21/1998 13.22 ND 0 56.89
MW-7 1/25/1999 11.85 ND 0 58.26
MW-7 5/10/1999 11.62 ND 0 58.49
MW-7 7/19/1999 12.27 ND 0 57.84
MW-7 10/5/1999 13.35 ND 0 56.76
MW-7 1/25/2000 14.40 ND 0 55.71
MW-7 4/3/2000 13.18 ND 0 56.93
MW-7 7/23/2000 13.32 ND 0 56.79
MW-7 10/16/2000 14.34 ND 0 55.77
MW-7 2/7/2001 13.13 ND 0 56.98
MW-7 4/27/2001 11.41 ND 0 58.70
MW-7 10/11/2001 13.14 ND 0 56.97
MW-7 4/26/2002 12.26 ND 0 57.85
MW-7 10/15/2002 14.51 ND 0 55.60
MW-7 4/17/2003 10.65 ND 0 59.46
MW-7 10/16/2003 12.38 ND 0 57.73
MW-7 4/1/2004 11.15 ND 0 58.96
MW-7 10/25/2004 12.38 ND 0 57.73
MW-7 4/14/2005 10.15 ND 0 59.96
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Table 3-1
 Summary of Groundwater Elevation Data at Site 22187

MCB Camp Pendleton, California

Well Date
Well Head 
Elevation

Depth to 
Water

Depth to 
Product

Product 
Thickness GW Elevation

(feet above MSL) (feet) (feet) (feet) (feet above MSL)
MW-8 7/22/1998 72.09 13.86 ND 0 58.23
MW-8 10/21/1998 15.50 ND 0 56.59
MW-8 1/25/1999 13.65 ND 0 58.44
MW-8 5/10/1999 14.42 ND 0 57.67
MW-8 7/19/1999 14.05 ND 0 58.04
MW-8 10/5/1999 15.18 ND 0 56.91
MW-8 1/25/2000 16.32 ND 0 55.77
MW-8 4/3/2000 15.07 ND 0 57.02
MW-8 7/23/2000 15.07 ND 0 57.02
MW-8 10/16/2000 16.14 ND 0 55.95
MW-8 2/7/2001 15.04 ND 0 57.05
MW-8 4/27/2001 13.23 ND 0 58.86
MW-8 10/11/2001 14.89 ND 0 57.20
MW-8 4/26/2002 14.08 ND 0 58.01
MW-8 10/15/2002 15.94 ND 0 56.15
MW-8 4/17/2003 12.37 ND 0 59.72
MW-8 10/16/2003 14.13 ND 0 57.96
MW-8 4/1/2004 12.87 ND 0 59.22
MW-8 10/25/2004 14.15 ND 0 57.94
MW-8 4/14/2005 11.90 ND 0 60.19
MW-9 4/16/1997 69.78 10.63 ND 0 59.15
MW-9 6/11/1997 11.57 ND 0 58.21
MW-9 10/28/1997 14.56 ND 0 55.22
MW-9 2/6/1998 13.24 ND 0 56.54
MW-9 4/6/1998 9.75 ND 0 60.03
MW-9 7/21/1998 69.78 11.40 ND 0 58.38
MW-9 10/21/1998 12.65 ND 0 57.13
MW-9 1/25/1999 11.10 ND 0 58.68
MW-9 5/10/1999 10.98 ND 0 58.80
MW-9 7/19/1999 11.59 ND 0 58.19
MW-9 10/5/1999 12.71 ND 0 57.07
MW-9 1/25/2000 13.93 ND 0 55.85
MW-9 4/3/2000 12.68 ND 0 57.10
MW-9 7/23/2000 12.67 ND 0 57.11
MW-9 10/16/2000 13.71 ND 0 56.07
MW-9 2/7/2001 12.62 ND 0 57.16
MW-9 4/27/2001 10.77 ND 0 59.01
MW-9 10/11/2001 12.48 ND 0 57.30
MW-9 4/26/2002 11.61 ND 0 58.17
MW-9 10/15/2002 13.45 ND 0 56.33
MW-9 4/17/2003 9.90 ND 0 59.88
MW-9 10/16/2003 11.57 ND 0 58.21
MW-9 10/25/2004 11.74 ND 0 58.04
MW-9 4/14/2005 9.25 ND 0 60.53
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Table 3-1
 Summary of Groundwater Elevation Data at Site 22187

MCB Camp Pendleton, California

Well Date
Well Head 
Elevation

Depth to 
Water

Depth to 
Product

Product 
Thickness GW Elevation

(feet above MSL) (feet) (feet) (feet) (feet above MSL)
MW-10A 7/21/1998 69.58 11.31 ND 0 58.27
MW-10A 10/21/1998 12.45 ND 0 57.13
MW-10A 1/25/1999 11.25 ND 0 58.33
MW-10A 5/10/1999 10.88 ND 0 58.70
MW-10A 7/19/1999 11.53 ND 0 58.05
MW-10A 10/5/1999 12.63 ND 0 56.95
MW-10A 1/25/2000 13.80 ND 0 55.78
MW-10A 4/3/2000 12.51 ND 0 57.07
MW-10A 7/23/2000 12.58 ND 0 57.00
MW-10A 10/16/2000 13.63 ND 0 55.95
MW-10A 2/7/2001 12.51 ND 0 57.07
MW-10A 4/27/2001 10.63 ND 0 58.95
MW-10A 10/11/2001 12.38 ND 0 57.20
MW-10A 4/26/2002 11.47 ND 0 58.11
MW-10A 10/15/2002 13.39 ND 0 56.19
MW-10A 4/17/2003 9.80 ND 0 59.78
MW-10A 10/16/2003 11.62 ND 0 57.96
MW-10A 4/1/2004 10.37 ND 0 59.21
MW-10A 10/25/2004 11.63 ND 0 57.95
MW-10A 4/14/2005 9.25 ND 0 60.33

NA  =  Not available
ND  =  Not detected
Bold indicates results from the most recent sampling event. 
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Table 3-3
Biosparging Dissolved Oxygen Data for Site 22187

MCB Camp Pendleton, California

Monitoring BSMP-1-18.5 BSMP-2-18.5 MW-5 MW-6 MW-7 MW-8 MW-9 MW-10A
Location Distance to BSW-3: 10 ft Distance to BSW-7: 11.5 ft Distance to BSW-2: 4.5 ft Distance to BSW-1: 17 ft Distance to BSW-6: 41 ft Distance to BSW-11: 9.5 ft Distance to BSW-10: 26 ft Distance to BSW-5: 7 ft

Time   DO Time   DO Time   DO Time   DO Time   DO Time   DO Time    DO Time   DO
DATE        (mg/L)        (mg/L)       (mg/L)       (mg/L)        (mg/L)       (mg/L)        (mg/L)       (mg/L)

Baseline monitoring
04/04/01 0959 4.53 1001 0.91 0951 0.09 0946 0.10 0947 0.10 0921 0.11 0915 0.16 0918 0.13

04/09/01 1015 3.67 1026 1.26 1018 1.45 1033 0.16 - - 1030 0.27 - - 1039 0.10
04/09/01 1127 1.73 1125 1.44 1135 1.45 1138 0.11 - - 1142 0.28 - - - -
04/09/01 1348 3.56 1339 1.80 1330 1.03 1333 0.11 1345 0.09 1352 0.51 1407 0.10 1403 0.08
04/10/01 1516 2.81 1512 0.81 1507 0.09 1502 0.10 1435 0.16 1453 0.11 1444 0.16 1448 0.13
04/11/01 1050 2.60 1055 0.74 1040 0.08 1035 0.08 1030 0.11 1023 0.16 1013 0.15 1018 0.11
04/16/01 1208 2.79 1156 2.57 1150 0.07 1126 0.09 1124 0.15 1134 0.08 1141 0.07 1138 0.07
04/20/01 - - 1138 1.27 1130 0.07 1133 0.07 1135 0.08 1140 0.07 1145 0.05 1143 0.06

System Shut-Off/Respiration Testing: 04/20/01 12:35
04/20/01 1344 1.15 1340 1.73 1337 0.16 1338 0.11 1339 0.11 1341 0.10 1343 0.06 1342 0.11
04/20/01 1531 0.23 1541 1.57 1523 0.10 1529 0.08 1530 0.11 1527 0.06 1525 0.10 1523 0.11
04/23/01 0804 0.008 0800 2.61 0755 0.07 0756 0.07 0758 0.09 0802 0.22 0807 0.19 0805 0.34
04/30/01 1220 0.12 1242 2.71 1230 0.07 1234 0.06 1237 0.09 1218 0.09 1206 0.18 1214 0.12
07/11/01 1150 0.19 1220 2.73 1148 0.13 1205 0.13 1207 0.12 1230 0.14 1203 0.26 1201 0.19

System Startup:  07/11/01 
09/25/01 1251 0.26 1300 2.26 1245 0.18 - - - - - - - - - -

System shutdown prior to groundwater sampling event:  09/25/01  13:28
10/02/01 1203 0.15 1210 0.6 1155 0.14 - - - - - - - - - -
10/15/01 - - - - 1339 0.47 1116 0.46 1020 0.66 1225 2.09 1350 0.51 1312 0.53

System shutdown prior to groundwater sampling event:  04/12/02  07:25
04/29/02 - - - - 1025 0.00 0951 1.47 0856 3.29 1059 5.28 1402 3.67 1441 0.65

System Restarted BSWs 1-5, 9:  06/24/02 12:45
07/02/02 1338 0.81 1322 2.62 - - - - - - - - - - - -

System pulsed BSWs 6 - 11:  07/02/02 13:45
07/11/02 1026 0.46 1030 1.62 - - - - - - - - - - - -

System pulsed:  07/11/02 through 9/17/02
System shutdown prior to groundwater sampling event:  09/17/02  10:55

09/17/02 1115 1.50 - - - - - - - - - - - - - -
10/15/02 0845 3.37 0930 3.75 - - - - - - - - - - - -
10/25/02 0805 1.09 0813 1.96 - - - - - - - - - - - -

System restarted BSWs 1-5, 9:  10/25/02 08:20
10/31/02 1235 0.55 1242 1.16 - - - - - - - - - - - -
02/06/03 0837 0.83 0846 4.12 0856 1.12 0850 0.65 - - - - - - 0910 2.72

System cycled off:  02/06/03  09:40
02/07/03 0922 1.65 0931 4.42 0943 1.26 0935 1.4 - - - - - - 0949 1.58

BV system startup:  04/04/01 11:35
BS system startup:  04/09/01 09:45
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Table 3-3
Biosparging Dissolved Oxygen Data for Site 22187

MCB Camp Pendleton, California

Monitoring BSMP-1-18.5 BSMP-2-18.5 MW-5 MW-6 MW-7 MW-8 MW-9 MW-10A
Location Distance to BSW-3: 10 ft Distance to BSW-7: 11.5 ft Distance to BSW-2: 4.5 ft Distance to BSW-1: 17 ft Distance to BSW-6: 41 ft Distance to BSW-11: 9.5 ft Distance to BSW-10: 26 ft Distance to BSW-5: 7 ft

Time   DO Time   DO Time   DO Time   DO Time   DO Time   DO Time    DO Time   DO
DATE        (mg/L)        (mg/L)       (mg/L)       (mg/L)        (mg/L)       (mg/L)        (mg/L)       (mg/L)

02/10/03 0817 0.87 0758 3.98 0810 0.81 0805 1.06 - - - - - - 0827 1.4
System cycled on BSWs 1-5, 9:  2/17/03  12:30
System shutdown prior to groundwater sampling event:  04/01/03 08:41

04/17/03 - - - - 1335 2.88 1307 1.86 1221 1.38 1132 5.07 - - 1243 3.3
04/17/03 - - - - 1335 0.45 1314 0.19 1227 0.21 1148 1.75 - - 1250 0.33

System cycled on BSWs 1-5, 9:  4/23/03  07:40
07/15/03 1554 0.36 - - 1554 0.24 1554 0.27 - - - - - - 1554 0.21

System shutdown prior to groundwater sampling event:  09/22/03 14:21
10/16/03 - - - - 1518 1.4 1423 0.08 1316 0.28 22.04 0.22 1222 0.44 1350 0.12

System cycled on BSWs 1-5, 9:  11/06/03  12:30
System shutdown prior to groundwater sampling event:  03/19/04 0900

04/01/04 - - - - 1504 2.07 1426 0.27 1355 0.2 1340 0.21 - - 1304 0.67
System cycled on BSWs 1-5, 9:  04/16/04  0710
System shutdown prior to groundwater sampling event:  09/21/04

09/21/04 - 0.26 - - - 0.64 - 0.28 - - - - - - - 0.35
09/22/04 - 0.39 - - - 0.67 - 0.50 - - - - - - - 0.54
10/02/04 - 0.16 - - - 0.12 - 0.09 - - - - - - - 0.18
10/25/04 - - - - 1232 1.4 1142 0.77 1113 1.2 1047 1.56 945 1.22 1023 0.89

System cycled on BSWs 1-5, 9:  11/10/04
02/02/05 - 0.56 - - - 0.96 - 1.03 - - - - - 0.59 - 1.14
03/17/05 - 3.35 - - - 0.87 - 0.60 - - - - - 0.64 - 0.82

System shut down with RWQCB approval:  03/17/05
03/22/05 1115 4.01 - - - 0.85 - 0.88 - - - - - 0.51 - 0.39
03/31/05 0810 3.58 0810 2.44 0810 4.49 0810 2.82 - - - - - - 0810 1.38

ft = feet DO = dissolved oxygen
mg/L = milligrams per liter NM = not measured
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Table 3-5
Biosparging/Bioventing Soil Gas Data for Site 22187

MCB Camp Pendleton, California

Monitoring BSMP-1-6.5 BSMP-2-7 MW-5 MW-6
Location 20.5 ft from BVW-1; 10 ft from BSW-3 11.5 ft from BSW-7 4.5 ft from BVW-1/BSW-2 16 ft from BSW-1

Time O2 CO2 TVH Time O2 CO2 TVH Time O2 CO2 TVH Time O2 CO2 TVH
DATE (%) (%) (ppmv) (%) (%) (ppmv (%) (%) (ppmv) (%) (%) (ppmv)

Baseline monitoring
04/04/01 1031 <1 13.0 128.6 Unable to obtain sample 1111 10.5 4.4 59.1 - - - -

BV system startup:  04/04/01 11:35
04/04/01 1247 <1 12.7 22.1 - - - - 1240 8.4 5.6 67.9 - - - -
04/04/01 1347 <1 12.2 26.0 - - - - 1342 9.4 5.0 79.5 - - - -
04/04/01 1443 <1 10.8 27.8 - - - - 1437 10.1 4.1 88.1 - - - -
04/06/01 1038 <1 12.7 37.2 - - - - 1040 11.5 3.9 117.7 - - - -
04/09/01 0806 <1 12.2 21.9 - - - - 0804 14.2 2.6 87.2 - - - -

BV system shut-off:  04/09/01 08:38
BS system startup: 04/09/01 09:45

04/09/01 1052 <1 12.4 24.0 - - - - 1104 19.9 1.6 313.4 - - - -
04/09/01 1331 2.2 11.8 16.1 - - - - 1342 20.2 0.8 354.1 - - - -
04/10/01 0856 18.7 2.5 64.9 - - - - 0857 20.5 0.3 405.2 - - - -
04/11/01 1104 19.8 1.5 102.1 - - - - 1037 20.9 0.2 303.1 - - - -
04/16/01 1218 20.3 0.6 7.4 - - - - 1150 20.9 0.1 177.9 - - - -
04/20/01 1145 20.6 0.6 2.6 - - - - 1130 20.9 0.4 352.0 - - - -

BS system shut down/respiration testing: 04/20/01 12:35
04/20/01 1340 20.5 0.8 6.5 - - - - 1337 20.6 0.4 222.0 - - - -
04/20/01 1524 20.5 0.8 7.6 - - - - 1523 19.7 0.4 189.8 - - - -
04/23/01 0859 12.6 1.2 4.4 - - - - 0855 13.9 0.6 61.3 - - - -
04/30/01 1303 1.7 3.6 7.2 - - - - - - - - - - - -
07/11/01 1315 <1 <1 7.5 - - - - 1326 14.5 2.6 59.9 - - - -

System startup:  07/11/01 
09/25/01 1247 16.8 3.5 220 - - - - 1240 20.9 0.4 140 - - - -

System shutdown prior to groundwater sampling event: 09/25/01  13:28
10/02/01 1255 0.7 7.8 140 - - - - 1245 20.9 0.1 0 - - - -

System restarted:  10/31/01  10:45
System cycled off:  02/15/02  12:50

02/26/02 0815 15.6 1.2 - - - - - 0809 19.5 0.25 1.2 - - - -
System restarted:  02/26/02  08:20
System cycled off:  03/8/02  06:57
System restarted:  03/19/02  16:18
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Table 3-5
Biosparging/Bioventing Soil Gas Data for Site 22187

MCB Camp Pendleton, California

Monitoring BSMP-1-6.5 BSMP-2-7 MW-5 MW-6
Location 20.5 ft from BVW-1; 10 ft from BSW-3 11.5 ft from BSW-7 4.5 ft from BVW-1/BSW-2 16 ft from BSW-1

Time O2 CO2 TVH Time O2 CO2 TVH Time O2 CO2 TVH Time O2 CO2 TVH
DATE (%) (%) (ppmv) (%) (%) (ppmv (%) (%) (ppmv) (%) (%) (ppmv)

System cycled off:  03/28/02 10:30
03/28/02 1040 20.7 0.4 0.0 - - - - 1045 20.9 0.0 0.0 - - - -
04/04/02 1021 2.1 3.8 0.0 - - - - 1045 20.9 0.1 0 - - - -

System restarted:  04/04/02  10:25
System shutdown prior to groundwater sampling event:  04/12/02  07:25

04/22/02 1318 <1 6.8 - - - - - 1314 17.2 0.8 - - - - -
05/02/02 - - - - - - - - 955 18.7 0.35 - - - - -

System restarted:  05/02/02
System cycled off:  05/16/02  11:25

05/22/02 0805 5.4 2.8 0.0 - - - - - - - - - - - -
System restarted:  05/22/02  8:08
System cycled off:  05/30/02  11:31

05/30/02 1142 18.7 0.9 >10K - - - - - - - - - - - -
06/24/02 1215 0.7 9.6 0.0 - - - - - - - - - - - -

System pulsed BSWs 1-5, 9:  06/24/02 12:45
07/02/02 1338 19.8 0.9 0.0 - - - - - - - - - - - -

System pulsed BSWs 6 - 11:  07/02/02 13:45
07/11/02 1045 7.5 9.5 0.0 - - - - - - - - - - - -

System pulsed BSWs 1-5, 9:  07/11/02 10:55
07/26/02 0850 19.9 1.1 0.0 - - - - - - - - - - - -

System pulsed BSWs 6 - 11:  07/26/02 09:00
08/02/02 1145 2.2 >20 - - - - - - - - - - - - -

System pulsed BSWs 1-5, 9:  08/02/02 11:55
08/16/02 0852 19.2 0.9 - - - - - - - - - - - - -

System cycled off:  08/16/02  08:58
System cycled on BSWs 1-5, 9:  08/22/02  07:00
System cycled off:  09/17/02  10:55

09/17/02 1115 17.2 2.7 - - - - - - - - - - - - -
09/27/02 1035 1.6 5.7 - - - - - - - - - - - - -
10/15/02 0845 0.3 >5 - - - - - - - - - - - - -
10/25/02 0805 0.6 10.8 - - - - - - - - - - - - -
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Table 3-5
Biosparging/Bioventing Soil Gas Data for Site 22187

MCB Camp Pendleton, California

Monitoring BSMP-1-6.5 BSMP-2-7 MW-5 MW-6
Location 20.5 ft from BVW-1; 10 ft from BSW-3 11.5 ft from BSW-7 4.5 ft from BVW-1/BSW-2 16 ft from BSW-1

Time O2 CO2 TVH Time O2 CO2 TVH Time O2 CO2 TVH Time O2 CO2 TVH
DATE (%) (%) (ppmv) (%) (%) (ppmv (%) (%) (ppmv) (%) (%) (ppmv)

System cycled on BSWs 1-5, 9:  10/25/02  08:20
10/31/02 1235 19.1 1.2 - - - - - - - - - - - - -
11/15/02 0810 20.6 0.0 - - - - - - - - - - - - -
02/06/03 0902 18.4 0.4 0.0 907 15.5 0.6 0.0 0915 19.0 0.0 16.5 0911 19.0 0.0 0.0

System shutdown for respiration test:  02/06/03  09:20
02/07/03 1001 18.8 0.3 0.0 936 16.4 0.6 2.1 0951 20.5 0.0 2.1 0945 20.9 0.0 0.0
02/10/03 0823 12.1 1.0 1.3 800 17.7 0.6 0.6 0818 19.1 0.0 13.2 0811 21.0 0.0 0.1
02/14/03 0856 3.2 2.5 4.9 0833 17.6 0.5 0 0848 20.1 0.0 3.5 0843 19.4 0.0 0.5

System cycled on BSWs 1-5, 9:  2/17/03  12:30
System shutdown prior to groundwater sampling event:  04/01/03 08:41
System cycled on BSWs 1-5, 9:  4/23/03  07:40

09/22/03 1340 20.9 0 0.3 1406 21 0.2 0.9 - - - - - - - -
System shutdown prior to groundwater sampling event:  09/22/03 14:21

09/24/03 1200 16.9 0.3 212 1212 21.1 0.3 0.4 - - - - - - - -
09/29/03 0940 6.1 2.2 1.6 0952 20.9 0.3 2.3 - - - - - - - -
10/06/03 1036 2.8 3.7 33.4 1047 20.5 0.6 7.4 - - - - - - - -

System cycled on BSWs 1-5, 9:  11/06/03  12:30
03/19/04 - 20.8 0.2 - - - - - - - - - - - - -
System shutdown prior to groundwater sampling event:  03/19/04 0900
03/22/04 - 20.4 0.1 - - - - - - - - - - - - -
03/26/04 - 17.1 0.2 - - - - - - - - - - - - -
04/16/04 - 3.0 2.4 - - - - - - - - - - - - -
System cycled on BSWs 1-5, 9:  04/16/04  0710
System shutdown prior to groundwater sampling event:  09/21/04 0900
09/21/04 - 19.3 0.3 - - - - - - - - - - - - -
09/22/04 - 19.4 0.6 - - - - - - - - - - - - -
10/02/04 - 6.4 2.5 - - - - - - - - - - - - -
System cycled on BSWs 1-5, 9, 11:  11/10/04
System shut down with RWQCB approval:  03/17/05

03/31/05 0810 12.7 0.8 0.6 0810 21.5 0.1 0.5 810 17.7 0.3 0.7 0810 20.8 0.3 0.2
04/18/05 1140 2.5 2.6 0.0 1140 14.4 0.5 0.0 1140 17.5 0.8 0.0 1140 21.2 0.2 0.0

ft = feet in H2O = inches of water TVH = total volatile hydrocarbons
% = percent O2 = oxygen Press = pressure
ppmv = parts per million by volume CO2 = carbon dioxide NM = not measured

DO O2 respiration field-data.xls, 22187 Soil gas 7/19/2005 



Figure 3-1
Site 22187 Hydrograph
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Figure 3-3
TPH-D Concentration vs Groundwater Elevation for Selected Well at Site 22187
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Benzene Concentration verses Groundwater Elevation for Selected Wells at Site 22187
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Benzene Limits of 
Detection = 1 ug/L





Figure 3-6
Oxygen Utilization at Site 22187

y = -2.2x + 21.0
y = -1.9x + 19.9

y = -1.2x + 19.3

y = -0.6x + 20.9

0

5

10

15

20

25

0 5 10 15 20 25 30 35

Days of Respiration Testing

O
xy

ge
n 

C
on

ce
nt

ra
tio

n 
(%

)

BSMP-1-6.5 Apr-01
BSMP-1-6.5 Apr-02
BSMP-1-6.5 Feb03
BSMP-1-6.5 Sept03
BSMP-1-6.5 Sep-04
BSMP-1-6.5 Mar/Apr-05
Linear (BSMP-1-6.5 Apr-02)
Linear (BSMP-1-6.5 Feb03)
Linear (BSMP-1-6.5 Apr-01)
Linear (BSMP-1-6.5 Sep-04)
Linear (BSMP-1-6.5 Mar/Apr-05)





 

 4-2 
  Site 22187 
22187 rpt.doc  Groundwater and Biosparging Monitoring Report 
07/19/05    April 2005 
 

3) After the rebound period, evaluate the potential for no further action based on the 
fact that primary MCLs have been met and achieving the secondary MCL for TPH-
D may be impractical at the site. 

4) If rebound is observed, continue annual groundwater monitoring each winter/spring 
(e.g., April).     

5) If the primary MCLs continue to be met and TPH-D concentrations are not 
migrating, request no further action. 



 

 5-1 
  Site 22187 
22187 rpt.doc  Groundwater and Biosparging Monitoring Report 
07/19/05  April 2005  

SECTION 5 

REFERENCES 

California Regional Water Quality Control Board (RWQCB), San Diego Region, 2002, 
“Letter Report on the Pilot Biosparging and Bioventing Remediation System 
Installation & Startup Results for Site 22187, Marine Corps Base Camp 
Pendleton.”  Letter dated April 30. 

County of San Diego Department of Health Services, 2002, Site Assessment and 
Mitigation Manual. 

IT Corp., 1993, Underground Storage Tank Draft Site Assessment Report, Marine Corps 
Base Camp Pendleton, California.  

Leeson, Andrea, and R. E. Hinchee, 1997.  Soil Bioventing: Principles and Practice.  
Lewis Publishers, Boca Raton, FL.   

Parsons, 2000a, Final Remediation Work Plan for Underground Storage Tank Site 
22187, MCB Camp Pendleton, California, January 17. 

Parsons, 2000b, Response to Comments, Final Remediation Work Plans for Sites 1121, 
1131, 2404, 2296, 22187, 43302, 53435, and H-49 at Marine Corps Base Camp 
Pendleton, California; Comments from Regional Water Quality Control Board 
Dated 16 May 2000, June 28. 

Parsons, 2001a, Letter Report on the Biosparging Remediation System Installation and 
Startup Results for Site 22187, Marine Corps Base Camp Pendleton, California, 
August 8. 

Parsons, 2001b, Operation & Maintenance (O&M) Manual for Bioventing and 
Biosparging Systems; Remediation Project: Underground Storage Tank Sites 
1121, 2296, 22187, 43302, 53435, and H-49, Marine Corps Base, Camp 
Pendleton, California, July 3. 

United States Environmental Projection Agency (USEPA), 2004, How to Evaluate 
Alternative Cleanup Technologies for Underground Storage Tank Sites, 410-
R-04-002, May 1995, updated May 2004. 



 

  
 

 

 

 

 

 

APPENDIX A 

HISTORICAL DATA 















 

  
 

 

 

 

 

 

APPENDIX B  

GROUNDWATER SAMPLING SHEETS 

AND WASTE MANIFESTS 
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